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(57) A system for assessing tension intraoperatively 
during joint arthroplasty includes a discrete sensor ar- 
ray, protector and trial. The protector is mechanically 
connected to the joint trial and covers the sensor array 
to protect it from wear. The sensor array can be posi- 



tively located to prevent it from moving during use. In 
assembly of the system, the sensor array and protector 
are sterilized as discrete elements. After sterilization, 
the protector is removably attached to one of the trials 
with the sensor array substantially covered by the pro- 
tector to protect the sensor from wear. 
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Description 

[0001] The present invention relates to a system for 
intraoperative assessment of tension during joint arthro- 
plasty. The system of the present invention can be used 
to perform soft tissue balancing and in selecting implant 
components. 

[0002] In total joint replacement or arthroplasty, bone 
orientation, selection of prosthetic joint components and 
soft tissue balancing are critical to the success of the 
procedure. Considering, for example, total knee arthro- 
plasty, one or more cutting jigs are used to ensure that 
the distal end of the femur and proximal end of the tibia 
are cut in an orientation that will properly align the pa- 
tient's bones. After the bones are cut or resected, pros- 
thetic components are fixed to the femur, tibia and pa- 
tella to define the prosthetic knee joint. 
[0003] A successful joint replacement or arthroplasty 
procedure results, in part, from selection of prosthetic 
joint components that are dimensioned and positioned 
to closely approximate or replicate the geometry and 
functional characteristics of a natural, healthy joint. Typ- 
ically, the component selection process includes a pre- 
operative analysis of joint images. A valuable intraoper- 
ative adjunct to image analysis is the temporary fixation 
of one or more provisional components to a bone or 
bones of interest at a stage of the arthroplasty procedure 
prior to permanent fixation of the prosthetic joint. The 
provisional components are intended to mimic certain 
aspects of the permanent prosthetic joint in order for a 
surgeon to validate measurements and to test several 
different possible component sizes and configurations. 
Hence, provisional components are aptly known as "tri- 
als". 

[0004] In total knee arthroplasty, femoral and tibial tri- 
als are used to assist a surgeon in preparing assessing 
the respective correct bone surfaces for implantation of 
the femoral and tibial portions of the artificial knee. A 
surgeon uses a tibial tray trial before fixation of the final 
implant to determine the tibial implant size, to make the 
appropriate cuts and reams in the bone, and to assess 
ensure a proper alignment and to ensure correct tibial 
component thickness prior to implanting the tibial com- 
ponents. The surgeon uses the femoral trial for similar 
purposes. 

[0005] Successful knee arthroplasty also requires an 
analysis of the soft tissue supporting the knee. The knee 
is held together by a number of ligaments, muscles and 
tendons. Generally, the surgeon must ensure that these 
ligaments, muscles and tendons will be properly bal- 
anced with the prosthetic elements in place. A properly 
balanced knee joint will demonstrate balanced ligament 
tension in both extension and flexion. If the ligaments 
and tendons around the knee are not properly balanced, 
the result may be poor performance, localized high 
stress on the prosthetic components and undesirable 
wear on the prosthetic components. 
[0006] Commonly, surgeons assess ligament tension 



through a subjective process using spacer blocks and 
mechanical tensioners. If the surgeon senses that either 
the medial or lateral side is under excess tension, the 
surgeon relieves the excess tension by releasing a part 

5 of either the medial or lateral collateral ligament. How- 
ever, the surgeon does not necessarily obtain the feed- 
back necessary during ligament release to help assess 
whether the release is adequate throughout the range 
of motion as can only be done with the trial in place. In 

10 addition, the surgeon must be careful to avoid over-re- 
lease of the collateral ligaments, since the surgeon can- 
not undo the release. 

[0007] In some cases it is preferable to retain the na- 
tive posterior cruciate ligament. Some prosthetic knees 
15 are designed to be used with the posterior cruciate lig- 
ament in place along with the prosthetic device. In these 
procedures, surgeons assess tension in the posterior 
cruciate ligament with femoral and tibial trials in place 
on the resected surfaces of the femur and tibia. Too 
20 much tension could result in premature wear of the pros- 
thetic components, and too little tension can make the 
knee unstable. Surgeons generally release some of the 
fibrous attachments between the posterior cruciate lig- 
ament and the tibia until they are satisfied with the de- 
25 gree of tension in the ligament. The current intraopera- 
tive posterior cruciate ligament release procedure relies 
heavily on the surgeon's experience and subjective ob- 
servations, rather than on objective intraoperative 
measurement of ligament tension. 
30 [0008] Similar concerns, procedures and analyses 
occur in arthroplasty involving other joints. 
[0009] The present invention addresses the desirabil- 
ity of providing an alternative sterilization procedure for 
the apparatus and system. In addition, the invention 
35 seeks to provide a system which can be used in other 
joint arthroplasty procedures as well. 
[0010] In one aspect, the present invention provides 
a system for balancing soft tissue intraoperatively during 
joint arthroplasty. The system comprises complementa- 
40 ry mounting members associated with the protector and 
one of the trials fortemporarily securing the sensor array 
between the protector and the trial. In the modified sys- 
tem, the sensor array is removable from protector and 
trial without damaging the sensor array, and the com- 
45 piementary mounting members limit movement of the 
protector with respect to the associated trial so that the 
position of the articulating surface of the protector is 
fixed relative to the articulating surface of the associated 
trial during use. 
50 [0011] In another aspect, the present invention pro- 
vides a system for balancing soft tissue intraoperatively 
during joint arthroplasty. Mating members are associat- 
ed with the protector and one of the trials for temporarily 
fixing the position of at least part of the protector with 
55 respect to the trial. In the modified system, the sensor 
array is between the protector and the trial articulating 
surface. The sensor array is temporarily in a fixed posi- 
tion between the protector and the trial articulating sur- 
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face and is free from adhesive. 
[0012] In another aspect, the present invention pro- 
vides a system for balancing soft tissue intraoperatively 
during joint arthroplasty. The system comprises a stud 
extending between the protector and one of the trials for 
temporarily fixing the position of at least part of the pro- 
tector with respect to the trial. 

[0013] In another aspect, the present invention pro- 
vides a system for balancing soft tissue intraoperatively 
during joint arthroplasty. The system includes a sensor 
array which is positively located with respect to at least 
one of the protector and the associated trial. The sensor 
array is separable from the associated trial and the pro- 
tector both before and after use. 

[0014] The system of the invention can be used in a 
method of sterilizing and assembling a system for bal- 
ancing soft tissue intraoperatively during joint arthro- 
plasty. In the method, the position of at least a portion 
of the protector is mechanically fixed with respect to one 
of the trials with the sensor array in a fixed position and 
substantially covered by at least part of the protector af- 
ter the sensor array and the protector have been steri- 
lized. 

[0015] The system of the invention can be used in a 
method of sterilizing and assembling a system for bal- 
ancing soft tissue intraoperatively during joint arthro- 
plasty. In the method, the position of the curved con- 
toured surface of the protector is mechanically fixed rel- 
ative to the articulating surface of one of the trials with 
the sensor array between the curved contoured surface 
of the protector and the articulating surface of the trial. 
[001 6] The system of the invention is related to a sys- 
tem which includes afirst joint trial having an articulating 
surface, a second joint trial having an articulating sur- 
face, a flexible sensor array capable of being shaped to 
define a curved contour, and a protector having a curved 
contoured surface and being capable of transmitting 
pressure to the sensor array. The sensor array of that 
system is capable of generating a signal in response to 
pressure. In that system, the sensor array and protector 
are bonded to each other and to the surface of one of 
the joint trials; this assembly is sterilized as a unit. 
[001 7] The present invention provides a modified sys- 
tem for intraoperative assessment of tension during joint 
arthroplasty. This intraoperative assessment provides 
the surgeon with a valuable tool, providing objective in- 
formation that the surgeon can use, particularly in per- 
forming soft tissue release as part of the arthroplasty 
procedure. As used herein, "intraoperative assessment 
of tension", "assess tension intraoperatively" and gram- 
matical variations of these phrases are intended to in- 
clude the provision of information useful for soft tissue 
release and balancing as well as the for the selection of 
implant components, and any other use of such infor- 
mation; these phrases are not intended to exclude other 
analyses or other uses of this information. 
[0018] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 



panying drawings, in which: 

FIG. 1 is a perspective view of an instrumented tibial 
trial incorporating the principles of the present in- 
5 vention; 

FIG. 2 is a cross-section of the instrumented tibial 
insert trial portion of the instrumented tibial trial of 
FIG. 1 , taken along line 2-2 of FIG. 1 ; 
FIG. 3 is a cross-section of the instrumented tibial 
10 insert trial portion of the instrumented tibial trial of 
FIGS. 1 -2, taken along line 3-3 of FIG. 1 ; 
FIG. 4 is a diagrammatic view of the instrumented 
tibial trial of FIGS. 1-3, together with a femoral trial, 
in position on the resected tibial and femoral surfac- 
es es of a patient; 

FIG. 5 is a perspective view of the protector of the 
first embodiment of the instrumented tibial trial; 
FIG. 6 is a perspective view of the sensor array of 
the first embodiment of the instrumented tibial trial; 
20 FIG. 7 is a perspective view of the tibial insert trial 
of the first embodiment of the instrumented tibial tri- 
al; 

FIG. 8 is a perspective view of a standard tibial tray 
trial for use with the first embodiment of the inven- 
ts tion; 

FIG. 9 is a perspective view of a second embodi- 
ment of an instrumented tibial trial incorporating the 
principles of the present invention; 
FIG. 1 0 is a cross-section of the instrumented tibial 
30 insert trial portion of the instrumented tibial trial of 
FIG. 9, taken along line 10-10 of FIG. 9; 
FIG. 11 is a cross-section of the instrumented tibial 
insert trial portion of the instrumented tibial trial of 
FIGS. 9-10, taken along line 11-11 of FIG. 9; 
35 FIG. 12 is a perspective view of a third embodiment 
of an instrumented tibial trial incorporating the prin- 
ciples of the present invention; 
FIG. 13 is a cross-section of the instrumented tibial 
trial portion of the instrumented tibial trial of FIG. 12, 
40 taken along line 13-13 of FIG. 12; 

FIG . 1 4 is a cross-section of the instrumented tibial 
trial portion of the instrumented tibial trial of FIGS. 
12-13, taken along line 14-14 of FIG. 12; 
FIG. 15 is a perspective view of an alternate em- 
45 bodiment of a protector for use as part of a modified 
instrumented tibial trial; 

FIG. 16 is a perspective view of a positioner for use 
as part of a modified instrumented tibial trial; 
FIG. 17 is a perspective view of a sensor array for 
50 use with the protector and positioner of FIGS. 
15-16; 

FIG. 18 is a cross-section of an instrumented 
acetabular liner for use with an acetabular trial; 
FIG. 19 is a side elevation of atypical femoral head 
55 trial for a hip prosthesis trial; 

FIG. 20 is a side elevation of an instrumented hu- 
meral head trial of a shoulder prosthesis trial; 
FIG. 21 is a cross-section of a glenoid component 
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trial of a shoulder prosthesis trial; 

FIG. 22 is a side elevation of a typical metacarpal 

trial of a wrist prosthesis trial; and 

FIG. 23 is a side elevation of an instrumented radial 

component trial of a wrist prosthesis trial. 

[0019] In each of the embodiments, the modified sys- 
tem of the present invention includes two joint trials, a 
first instrumented joint trial generally designated 10A-F 
in FIGS. 1, 4, 9, 12, 18, 20, 23 and a second joint trial 
designated 12A and 12 D-F in FIGS. 4, 19, 21 and 22. 
It should be understood that the second joint trial 12A 
shown in FIG. 4 can be used with the first jointtrials 1 0A, 
10B, 1 0C of the first three embodiments of the invention. 
[0020] The first three embodiments of the invention, 
illustrated in FIGS. 1-17, are for use in knee arthroplasty 
to provide information for assessing tension intraopera- 
tive^. In all of these embodiments, the first joint trials 
1 0A, 1 0B, 1 0C comprise modified instrumented tibial tri- 
al assemblies. These modified instrumented tibial trial 
assemblies can be used with a femoral trial, shown as 
1 2A in FIG. 4. As shown in FIG. 4, the femoral trial has 
curved convex articulating surfaces 14, 16. The femoral 
trial is temporarily mounted at the distal end of the femur 
1 8 and the tibial trial 1 0A is temporarily mounted at the 
proximal end of the tibia 20. As shown in FIGS. 1 , 9 and 
12, each of the instrumented tibial trials 10A, 10B and 
10C has curved concave articulating surfaces 22, 24; 
these concave articulating surfaces 22 ; 24 receive the 
convex articulating surfaces 14, 16 of the femoral trial 
1 2A. As in the original system, there is a flexible sensor 
array 26 and a protector 28 in the modified system. How- 
ever, in this modified system, the sensor array 26 and 
protector 28 are not bonded together. The sensor array 
26 and protector 28 can be supplied to the surgeon as 
discrete elements in separate packages subjected to 
separate, and perhaps different, sterilization proce- 
dures. The surgeon can then assemble the sensor array 
26, protector 28, tibial insert trial 30 and tray trial 32 in- 
traoperatively. After this initial use, the modified system 
of the present invention allows for separation of the sen- 
sor array from the protector so that they can be sepa- 
rately cleaned and sterilized and then prepared for re- 
use. 

[0021] In the following description, the designation 
26A is used to refer to the flexible sensor array that is 
sized and shaped for use in knee arthroplasty. The des- 
ignation 26D is used for the sensor array that is sized 
and shaped for use in hip arthroplasty. The designation 
26E is used for the sensor array that is sized and shaped 
for use in shoulder arthroplasty. The designation 26F is 
used for the sensor array that is sized and shaped for 
use in wrist arthroplasty. Otherwise, each of these sen- 
sor arrays 26A, 26D-F may have similar characteristics 
as described below. 

[0022] Designations 28A-28G are used for the vari- 
ous designs illustrated for protectors, and designations 
30A-30F are used for the various designs of trials that 



are later assembled into instrumented trials, designated 
1 0A-1 OF in the drawings. Designations 32A, 32D-F are 
used for the various elements that receive the trial ele- 
ments 30A-30F. 

5 [0023] The femoral trial 1 2A and tibial tray trial 32A of 
the modified system can be standard commercially 
available trials, such as those available from DePuy Or- 
thopaedics, Inc. of Warsaw, Indiana. Suitable standard 
prosthetic femoral and tibial tray trials are available from 

10 DePuy under trademarks such as LCS, PFC SIGMA, 
and PFC SIGMA RP. However, it should be understood 
that these commercial products are identified for pur- 
poses of illustration only; the invention is not limited to 
any particular product unless expressly called for in the 

15 claims. The tibial insert trials 30A-30C may have many 
of the standard features of the corresponding commer- 
cially available tibial insert trials 30A-30C, modified as 
described below. 

[0024] The designs, shapes, sizes and construction 
20 of the femoral and tibial trial elements may vary from 
those illustrated. Other implant designs will typically 
have trials and trial components generally correspond- 
ing in shape and size to the implant components. For 
example, the present invention may be applied to trials 
25 for use with cruciate retaining prosthetics as well as pos- 
terior stabilized prosthetics, whether fixed or mobile 
bearing. 

[0025] Each of the sensor arrays 26A, 26D-F in the 
illustrated embodiments comprises a grid of pressure 

30 transducers connected together to define a thin, flexible 
and conformable sheet. For the knee system, two sen- 
sor arrays can be provided, one for each of the medial 
and lateral curved concave portions of the articulating 
surface of the tibial insert trial. Alternatively, a butterfly- 

35 shaped sensor array could be provided, one wing for 
each of the medial and lateral curved concave portions 
of the articulating surface. Such butterfly-shaped sensor 
arrays 26A are shown in the illustrated embodiments of 
knee systems. The pressure transducers of the sensor 

40 arrays produce a signal in response to pressure; in the 
illustrated embodiment the pressure transducers pro- 
duce electrical signals, butthe invention is not so limited 
unless expressly called for in the claims. 
[0026] An illustrative sensor array 26A, 26D-F prefer- 

45 ably has the following characteristics: it is thin (e.g. : 
about 1 mm thick or less), usable over the range of an- 
ticipated pressures (for example, 5 to 200 N.cnrr 2 ). elas- 
tically deformable to the contour of the trial articulating 
surface, and is capable of being sterilized, particularly 

50 by conventional sterilization techniques. The sensor ar- 
ray or components of the sensor array preferably corre- 
spond in shape with the entire articulating surface 22, 
24 that is designed to bear against the opposing articu- 
lating surface or surfaces 14, 16 of the opposite trial 

55 1 2A. It should be understood that the actual shape and 
dimensions for each sensor array can therefore vary 
with the design and size of the trials and with the partic- 
ular joint. 
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[0027] A suitable example of a commercially available 
sensor array 26A, 26D-F is available from novel Elec- 
tronics Inc. of St. Paul Minnesota (and novel GmbH of 
Munich, Germany, www.novel.de). It is identified by nov- 
el as part of the "pliance" system. Each pad has 128 
pressure sensors, a thickness less than 1 mm, a total 
sensor area of 43 x 21 .5 mm 2 , an elasticity of greater 
than 2%, a sensitivity of less than 2 N.cm" 2 and greater 
than 4 N.cm -2 , and a usable pressure range of 5 to 1 40 
N.cm -2 . Two such pads may be used for the tibial trial. 
It should be understood that this particular sensor array 
and the above-identified characteristics of the sensor ar- 
ray are provided by way of example only; the present 
invention is not limited to this sensor array or these char- 
acteristics unless expressly called for in the claims. For 
example, it is expected that new materials and new 
products will become commercially available that could 
be used with the present invention; for example, a ca- 
pacitive fabric could be usable. Moreover it may be de- 
sirable to use separate sensor elements or arrays that 
are connected to provide input to the same computer. 
The term "sensor array" as used herein should be un- 
derstood to include both integral and separate configu- 
rations of sensors and sensor mats. "Sensor array" is 
intended to broadly encompass devices such as those 
described herein as well as those made of other mate- 
rials (e.g., a capacitive fabric) and having other charac- 
teristics. 

[0028] The protectors 28A-28G in the present inven- 
tion comprise a formed polymer cover or shell. The pro- 
tectors for the first three illustrated embodiments of the 
invention are designated 28A : 28B and 28C, and the 
protectors for the other embodiments are designated 
28D-F. 

[0029] The protector 28A, 28B, 28C for the knee trials 
is formed to have medial and lateral curved contours, 
concave on the proximal side 34 and convex on the side 
36 that faces the tibial insert trial 30 to substantially com- 
plement the concave contour of the proximal surface 38 
of the tibial trial insert. 

[0030] Generally, the protector 28A-28G is provided 
to protect the sensor array 26A, 26D-F from the stresses 
of thetrialing process. Itshould be capable of being ster- 
ilized for use in surgery, and should be capable of trans- 
ferring stress to the sensor array 26A, 26D-F so that 
forces and pressure distributions and concentrations 
can be analysed or evaluated and used as discussed 
below. The protector 28A-28G in the illustrated embod- 
iments comprises high density polyethylene (HDPE). 
The illustrated protectors 28A-28F each have a thick- 
ness of about 0.8 mm (about 0.031 inch), or slightly 
more, and each can be formed from a sheet of high den- 
sity polyethylene. A commercially available material can 
be used for the protector. Suitable examples include 5.1 
mm (0.20 inch) HDPE sheet and 0.76 mm (0.030 inch) 
HDPE sheet available from Eastech Plastics of Colum- 
bus, Ohio. Depending on the procedure used for making 
the protector, other materials such as low density poly- 



ethylene and polypropylene might be usable. 
[0031] In the embodiment of FIGS. 1-8, the protector 
28A has a plurality of apertures or holes 40, 42 aligned 
along the central plane 44 of the protector 28A, as 
5 shown in FIG 5. As shown in FIGS. 1 and 5, the first 
illustrated protector 28A also has a pair of spaced cut- 
outs 46. 48 along the periphery. The first illustrated tibial 
trial insert 30A has complementary structures that allow 
the protector 28A and sensor array 26A to be removably 
mounted to the tibial trial and to be properly positioned 
with respect to the tibial trial. 

[0032] In the first embodiment, as shown in FIG. 7. 
the tibial insert trial 30A has a pair of upstanding studs 
46, 48 integral with the inset trial 30A and extending up 
from the proximal surface 38 of the trial. The studs 46, 
48 are positioned along the central plane 50 of the insert 
trial 30A to align with the holes 40, 42 of the protector 
28A. The studs 46, 48 and holes 40, 42 are complemen- 
tary to allow for a press-fit or snap-fit of the protector 
28A onto the tibial insert trial 30A, and to allow the pro- 
tector 28A to be manually removed from the tibial insert 
trial 30A after use. 

[0033] It should be understood that variations in this 
design are possible. For example, as shown in the em- 
bodiment of FIGS. 9-11, studs 52, 54 could be formed 
integral with the protector 28B and could mate with ap- 
ertures or holes 56, 58 in the insert trial 30B. Although 
not illustrated, it should be understood that further var- 
iations could be made. For example, holes could be pro- 
vided in both the protector and the insert trial articulating 
surface, and discrete studs could be inserted to mount 
the protector on the trial. Studs could also be formed as 
discrete elements and then bonded to either the protec- 
tor or the trial. Instead of studs and holes, complemen- 
tary detents and ledges (as in the embodiment illustrat- 
ed in FIG. 23 for a trial for a wrist prosthesis), comple- 
mentary snap elements, or flaps and undercuts, for ex- 
ample, could be formed in the protector and trial to allow 
for a press-fit or snap-fit mounting of the protector on 
the trial. Moreover, to simplify mounting and removal of 
the protector, there could be slits provided in the protec- 
tor or tibial insert trial around the apertures or holes. Var- 
ious combinations of the above-mentioned elements 
could also be employed. However, it should be under- 
stood that the invention is not limited to such comple- 
mentary press-fit or snap-fit structures unless expressly 
called for in the claims. Structures such as nuts and 
bolts, screws and clamps could also be used, for exam- 
ple. All of the above-mentioned structures and their 
equivalents are intended to be encompassed within the 
phrase "means for mechanically connecting the protec- 
tor to the trial". 

[0034] The illustrated complementary mounting 
members 40, 42 46, 48, 52, 54, 56, 58 serve to limit 
movement of the protectors 28A, 28B away from the 
proximal articulating surface 38 of the trial insert 30A, 
30B, and provide a predetermined maximum distance 
between the articulating surface 38 of the trial insert 
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30A, 30B and the articulating surface 34 of the protector 
30A, 30B. Since the sensor array 26A is placed between 
the protector 28A, 28B and the articulating surface 38 
of thetrial insert 30A, 30B, this predetermined maximum 
distance corresponds generally with the sum of the 
thickness ot the protector 28A, 28B and the thickness 
of the sensor array 26A. Thus, the combination of the 
shape of the protector 28A, 28B and the mounting 
mechanism also lock the sensor array 26A between 
complementary concave and convex surfaces, and 
force the flexible sensor array 26A to generally conform 
to the shape of the insert trial articulating surface 38. 
Thus, when the elements 26A, 28A or 28B, 30A or 30B 
are assembled, the sensor array 26A will have a curved 
contour like those of the proximal articulating surface 38 
of the insert trial 30A, 30B and the protector 28A, 28B. 
Similar results are obtained with the other sensor arrays 
26D-F and protectors 28C-28F. 
[0035] In the first two illustrated embodiments, the 
sensor array 26A has preformed holes 60, 62 corre- 
sponding to the positions of the preformed holes in the 
protector or insert trial, and the studs extend through the 
holes 60, 62 in the sensor array 26. 
[0036] The first illustrated embodiment also includes 
locating features. As shown in FIGS. 6-7 ; the protector 
28A has a pair of cut-outs 46, 48 and the proximal sur- 
face 38 of the insert trial 30A has a pair of mating lands 
64, 66. The fit of the cut outs 46, 48 and the lands 64, 
66 assures proper positioning of the protector 28A on 
the insert trial 30A. It should be understood that other 
locating features can be used, generally including any 
set of complementary structures on the trial and protec- 
tor. 

[0037] In the illustrated embodiments, the studs 46, 
48, 52, 54 and lands 64, 66 are positioned so that they 
are spaced from areas of the tibial insert trial 30A that 
will be in contact with the convex condyles 14, 1 6 of the 
femoral trial 12A. Thus, the studs and lands do not in- 
terfere with normal use and operation of the trials. 
[0038] In addition, if it is desired to positively locate 
the sensor array 26A relative to the insert trial articulat- 
ing surface 38 or the facing surface 36 of the protector 
28A, 28B ; sensor array locating structures could be 
formed or otherwise provided on the insert trial or on the 
protector. For example, a depression corresponding in 
shape to the shape of the sensor array 26A could be 
formed on the distal or facing surface 36 of the protector 
28 or on the proximal surface of the tibial inserttrial 30A, 
30B to positively locate the sensor array. Alternatively, 
as shown in FIGS. 15-17, a two layer protector 28G 
could be employed: a distal layer 68 could have a cut- 
out 70 shaped to correspond to the shape of the sensor 
array 26A, and a proximal layer 72 could be shaped and 
constructed substantially like the protectors 28A, 28B of 
one of the preceding embodiments. The two layers 68, 
72 and sensor array 26A could then be assembled and 
mounted on an inserttrial 30A, 30B like those of the first 
illustrated embodiments. Similar designs may be em- 



ployed for the other sensor arrays 26D-F and protectors 
28D-F. 

[0039] Another alternative embodiment of a protector 
28C is shown in FIGS. 12-14. In this embodiment, the 

5 protector comprises a first or proximal portion 74 and a 
second or distal portion 76. The two portions 74, 76 are 
joined together along an axis 78 through two hinge por- 
tions 80, 82 in a clam shell configuration. The two por- 
tions 74, 76 are similarly shaped so that the first portion 

10 74 essentially nests in the second portion 76. The distal 
facing surface of the distal portion 76 has two areas that 
each have a convex contour to be received in the con- 
cave contours of the proximal surface 38 of the insert 
trial 30C. The proximal surface of the proximal portion 

15 74 has two areas with concave contours to receive the 
convexly contoured distal surfaces 1 4, 1 6 of the femoral 
trial 12A. In this embodiment, the sensor array 26A is 
received between the two portions 74, 76 of the protec- 
tor. In this embodiment, a single distally-extending stud 

20 84 is carried by the proximal portion 74 of the protector 
28C; the underlying portion of the sensor array 26A or 
the electrical leads have an aperture 86 for receiving the 
stud 84, as does the underlying distal portion 76 of the 
protector and surface of the tibial insert trial. This alter- 

25 native protector structure could also be employed in sys- 
tems designed for use with other joints. 
[0040] In all of the illustrated embodiments, the instru- 
mented trial defined by the assembly of the insert trial 
30A-F, protector 28A-G and sensor array 26A, 26D-F 

30 can be disassembled so that at least the sensor array 
26A, 26D-F is separate and discrete from the protector 
28A-G and insert trial 30A-F. This design allows for re- 
use of the elements of the system and resterilisation of 
the components 26A, 26D-F, 28A-G, 30A-F by the meth- 

35 od most suitable to that component. 

[0041] Examples of other potential additional uses of 
the modified system of the present invention are illus- 
trated in FIGS. 18-23. FIG. 1 8 illustrates a protector 28 D 
and sensor array 26D removably mounted to the con- 

40 cavely contoured surface an acetabular liner trial 30D 
that is received in a shell trial 32D. An example of a trial 
femoral head 1 2D, with a convexly contoured surface is 
illustrated in FIG.1 9. Together, the instrumented acetab- 
ular trial 1 0D and femoral head 1 2D comprise a system 

45 that allows for intraoperative assessment of tension and 
for soft tissue balancing during hip joint arthroplasty. In 
this embodiment, the protector 28D has a plurality of 
holes 90 around an annular non-articulating surface 92 
for mounting the protector 28D and sensor array 26D to 

50 studs 94 on the annular non-articulating surface 96 of 
the trial liner 30D. The sensor array 26D is between the 
curved contours of the protector28D and the articulating 
surface 98 of the liner trial 30D; these complementary 
contours form the flexible sensor array 26D into a com- 

55 plementary curved shape, as illustrated in FIG. 18. It 
should be understood that the particular arrangement 
illustrated in FIG. 18 is provided by way of example only. 
Variations in mounting mechanisms and in shapes and 



6 



11 



EP 1 402 857 A2 



12 



designs of the protector are possible, as described 
above for the embodiments for use with the knee trials. 
As in the prior embodiments, the instrumented trial as- 
sembly 10D can be disassembled into discrete ele- 
ments 26D, 28D, 30D, 32D so that the elements 26D, 
28D, 30D, 32D can be sterilized independent of one an- 
other. The femoral component 12D of the system can 
also be independently sterilized. The above-described 
features could be employed with hip trials available from 
DePuy Orthopaedics, Inc. of Warsaw, Indiana. 
[0042] FIG. 20 illustrates a protector 28E and sensor 
array 26E removably mounted to the convexly con- 
toured articulating surface 100 of a humeral head trial 
30E for use in shoulder arthroplasties. FIG. 21 is a 
cross-section of a glenoidtrial 12E with a concavely con- 
toured articulating surface 102 for receiving the articu- 
lating surface 1 04 of the protector 28E of the instrument- 
ed humeral head trial 10E. Together, the first trial 10E 
and second trial 12E comprise system for assessment 
of tension and for soft tissue balancing during shoulder 
joint arthroplasty. In this embodiment, the sensor array 
26E and the protector 28E both have convex contours 
like the articulating surface 100 of the humeral head trial 
30E. In the illustrated embodiment, the protector 28E 
includes a plurality of extensions 1 06, 1 08 that fold over 
the outer edge of the articulating surface 1 00 and extend 
over part of the non-articulating surface 110. The por- 
tions of the extensions 106, 108 that extend over the 
non-articulating surface include studs 112, 113 that are 
received in complementary holes 1 1 4, 1 1 5 in the humer- 
al head trial 30E to removably mount the combination 
of the sensor array 26 E and the protector 28 E to the trial 
30E. As in the prior embodiments, the instrumented trial 
10E can be disassembled into discrete elements 26E, 
28E, 30E so that the elements 26E, 28E, 30E can be 
sterilized independent of one another. The glenoid com- 
ponent 12E can also be independently sterilized. The 
above-described features could be employed with 
shoulder trials available from DePuy Orthopaedics, Inc. 
of Warsaw, Indiana. 

[0043] FIG. 23 illustrates a protector 28F and sensor 
array 26F removably mounted to the concavely con- 
toured articulating surface 120 of a radial trial 30F for 
use in wrist arthroplasties. FIG. 22 illustrates atrial met- 
acarpal component 1 2Ffor use in wrist arthroplasty. The 
metacarpal component 12F has a convexly contoured 
articulating surface 122. Together, the instrumented trial 
1 0F and second trial 1 2F comprise a system for assess- 
ment of tension and forsoft tissue balancing during wrist 
joint arthroplasty. In the embodiment illustrated in FIG. 
23, the trial 30F has undercuts 124 to receive tabs 126 
for temporarily mounting the protector 28F and sensor 
array 26F to the trial 30F. As in some of the prior em- 
bodiments, the curvature of the articulating surface 1 28 
of the trial and curvature of the facing surface 1 30 of the 
protector 28F form the flexible sensor array 26F into the 
curved configuration illustrated. And as in the prior em- 
bodiments, the instrumented trial 1 0F can be disassem- 



bled into discrete elements 26F, 28F, 30F so that the 
elements 26F, 28F, 30F can be sterilized independent 
of one another. The second trial 12F can also be steri- 
lized independent of the components 26F, 28F, 30F of 

5 the first trail 10F. The above-described features could 
be employed with wrist trials available from DePuy Or- 
thopaedics, Inc. of Warsaw, Indiana. 
[0044] The present invention can also be applied to 
trials used in other joint arthroplasties, such as trials 

10 used in implantation procedures for elbow and ankle 
prosthetics. Trials forotherjoint arthroplasties that could 
be modified as described above are available from 
DePuy Orthopaedics, Inc. of Warsaw, Indiana. 
[0045] For all of the illustrated trials, some variation in 

15 the above-described components, system and methods 
may be desirable. For example, the thickness of the 
prosthetic trial may be adjusted. Instead of the trial body 
being dimensioned substantially like the corresponding 
final implant component, the trial body can be made 

20 slightly thinner, to account for the thickness of the pro- 
tector and sensor array. Thus, the body of the trial 30A- 
30F can be made thinner by about 0.79 mm (0.03 inch) 
than the implant to account for the thickness of the pol- 
ymer layer, and can be made an additional 1 mm thinner 

25 to account for the thickness of the sensor array; howev- 
er, it may be desirable for the total insert to be slightly 
thicker than the reduction in thickness of the trial to in- 
sure loading of the insert. 

[0046] For all of the illustrated embodiments, the pro- 

30 tector 28A-28G may be formed into the illustrated con- 
toured shapes by any appropriate means, such as by 
machining or moulding. For moulding the protectors 
28A-28G, the base material can be supplied in sheet 
form and then vacuum moulded over the articulating 

35 surface of a trial, such as surface 38, 98, 100, 120 of 
trials 30A, 30B, 30C, 30D, 30E, 30F or can be vacuum 
moulded over a form provided for that purpose. Excess 
polymer material can be trimmed away. The resultant 
polymer protector 28A-28G has a curved contour or 

40 contours closely approximating the shape of the articu- 
lating surface of the trial. For the embodiments of FIGS. 
12-14, both layers 74, 76 can be formed in the above 
manner and then joined together along axis 78 by affix- 
ing hinges 80, 82 to the two layers 74, 76 by any appro- 

45 priate means such as glue or welding. For the embodi- 
ment of FIGS. 15-17, the two layers 68, 72 can both be 
formed by moulding such as by vacuum moulding. 
[0047] The material for the protector 28A-28G should 
be such that the protector retains its shape after the 

50 moulding operation is complete, and so that the protec- 
tor is capable of holding its moulded shape when mount- 
ed on the trial with the flexible sensor array between the 
protector and the trial. 

[0048] It may be desirable to mould the protector 28B- 
55 28C and 28E-28F around a form that also creates a 
mounting mechanism such as a stud 52, 54, 84, 112, 
113, flap or tab 126, for example, integral with the re- 
mainder of the protector 28B-28C and 28E-28F. A form 
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could also be designed so that one or more holes 40, 
42, 60, 62 are formed during the moulding process for 
the protectors 28A, 28D and 28G. Alternatively, before 
or after the moulding process is complete, a mounting 
stud or other mounting member could be bonded to the 
sheet or formed protector, mechanically connected to 
the polymer sheet or formed protector or could be sup- 
plied to the surgeon as a separate component. Holes 
can be cut or otherwise formed into the protector or trial 
at anytime during the manufacturing process. Cut-outs 
such as those shown at 46, 48 can also be formed in 
any of the illustrated protectors 28A-28G at any point in 
the manufacturing process, such as by moulding them 
into place or later cutting them out of the formed protec- 
tor, and lands or other positioning members could also 
be included and formed as part of the protector or could 
be made separately and later affixed to the protector. 
[0049] The trials 30A-30F can be formed in the stand- 
ard manner. If made of a polymer they can be moulded 
into the illustrated shapes. Forthe embodiments includ- 
ing male mounting members such as studs 46 : 48, 94 
as part of the trial 30A, 30D, the male studs can be 
formed integral with the trial by moulding, by machining 
them, or by separately forming and then inserting and 
affixing the studs to the trial. For the embodiments in- 
cluding apertures or holes 56, 86, 114, 115 or undercuts 
124 as part of the trial 30B, 30C, 30E, 30F, the holes or 
undercuts could be formed as part of the trial during the 
moulding process or later machined or otherwise cut in- 
to the formed trial. 

[0050] It should be understood that the above-de- 
scribed manufacturing processes are provided as ex- 
amples of possible methods for making the components 
of the instrumented trials 1 0A-1 OF of the present inven- 
tion. The invention is not limited to this or to any other 
process unless expressly called for in the claims. Other 
processes may be used. For example, if the polymer 
protector is formed over a metal base having a top sur- 
face shaped like the trial body articulating surface, other 
forming methods can be used, including methods utiliz- 
ing higher temperatures. 

[0051] For each embodiment, the protector 28 A-28G, 
sensor array 26A, 26D-26F and first and second trials 
30A-30F, 1 2A-1 2F can then be packaged and sterilized 
as separate units, together as one group, or in sets of 
elements designated for particular sterilization tech- 
niques. The modularity of the modified system of the 
present invention is advantageous in that independent 
sterilization is possible, and the sterilization method can 
be tailored to best fit the element. For example, given 
the expense of the sensor array, a sterilization method 
that maximizes the service life of the sensor array can 
be selected. 

[0052] Conventional sterilization methods include gas 
plasma, steam, ethylene oxide, gamma irradiation and 
chemical disinfection. These methods provide several 
options for sterilization of the components of the modi- 
fied system of the present invention. One example of a 



suitable system for sterilizing the sensor array is the low 
temperature sterilization system available from Ad- 
vanced Sterilization Products of Irvine, California, under 
the trade mark STERRAD 100S Sterilization System. 

5 The cycle in this commercial system comprises evacu- 
ation of the sterilization chamber to 400 mTorr, automat- 
ic injection and diffusion of 1 .8 ml of vaporized H 2 0 2 and 
activation of low temperature H 2 0 2 gas plasma with 
400W RF power at 500 mTorr pressure for 1 7 minutes. 

10 During the second half of the cycle, the above steps are 
repeated. The sterilization chamber is then vented to re- 
turn it to atmospheric pressure. 
[0053] An additional advantage of providing a modu- 
lar system as in the present invention is the potential 

15 need for fewer sensor arrays. Typical surgical kits in- 
clude trials of various sizes. It may be desirable to pro- 
vide fewer sizes of sensor arrays, or a single sensor ar- 
ray, that can be used with several or all of the sizes of 
trials. The number of protectors provided can corre- 

20 spond with the number of trials provided, or fewer pro- 
tectors can be provided. Costs can be significantly low- 
ered if fewer sensor arrays, or a single "one size fits all" 
sensor array is provided. 

[0054] Assembly of the components of the modified 
25 system can be done at the hospital by the surgeon or 
the surgical staff. The flexible sensor array 26A, 26D- 
26F may be placed against the articulating surface 38, 
98, 100, 120 of the trial 30A-30F and shaped into the 
illustrated curved contours. The flexible sensor array 
30 can also be shaped into the illustrated curved contours 
be placing it against the facing surface 36 of the protec- 
tor 28A-28F, or may be placed between the facing sur- 
faces of the layered protectors 28C, 28G of the embod- 
iments of FIGS. 12-17. The flexible sensor array 28A- 
35 28F can also be sandwiched between opposing com- 
plementary curved surfaces to shape the sensor array 
into the illustrated curved contours. The protector 28A- 
28F and sensor array 26A, 26D-26F can then be remov- 
ably mounted to the trial 30A-30F to lock or fix these 
40 elements in place for use and to lock or fix the flexible 
sensor array 26A, 26D-26F in its contoured shape. The 
method of removably mounting or fixing the protector 
and sensor array to the trial will vary with the type of 
connecting elements used. Generally, for a press-fit or 
45 snap-fit connecting system, the stud or tab 46, 48, 52, 
84, 94, 112, 113, 126 is pushed or snapped through any 
hole such as holes 60, 62 in the sensor array, and into 
the receiving recess or hole 40, 42, 56, 86, 92, 1 1 4, 1 1 5, 
124 temporarily locking the trial 30A-30F, sensor array 
50 26A, 26D-26F and protector 28A-28G togetherto define 
an instrumented trial 1 0A-1 OF. 

[0055] The assembled instrumented trials 1 0A-1 OF of 
the present invention can then be used by the surgeon 
in the system discussed above, which includes a first 
55 joint trial having an articulating surface, a second joint 
trial having an articulating surface, a flexible sensor ar- 
ray capable of being shaped to define a curved contour 
and a protector having a curved contoured surface and 
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being capable of transmitting pressure to the sensor ar- 
ray. 

[0056] The surgeon performs the initial surgical steps 
in the standard manner. When the point of trialing is 
reached, the surgeon uses the assembled instrumented 
joint trial 1 0A-1 0 F of the present invention instead of pri- 
or art joint trials, along with a standard complementary 
prosthetic joint trial 12A, 12D-12F. The electrical con- 
nector of the sensor array is hooked up to one end of a 
lead cord, shown diagrammatically at in 1 30 FIGS. 1 , 4, 
9, 12, 17, 18,20and23,theotherendofwhich ishooked 
up to a computer (not shown). The lead cord 130 can 
be kept sterile in the field by covering it with a clear tube 
drape. The system may also include an image recorder 
(not shown), such as a digital video camera, that is also 
connected to the computer. The computer may be pro- 
grammed with commercially available software for anal- 
ysis of the data provided by the instrumented tibial trial; 
suitable software is available from Novel Electronics 
GmbH under the trade mark "Pliance" ("pliance 
FTM-KE" software, along with other components such 
as a "pliance FTM-KE" electronics analyser, other novel 
KE software, etc.). 

[0057] The surgeon then manipulates the patient's 
limb, taking the joint through its full range of motion. As 
the surgeon does so, the articulating surface of one trial 
contacts the contoured surface of the protector 28A- 
28G that is mounted on the other trial. Depending on the 
gap between the resected bones and the size of trials 
used and the condition of the soft tissue around the joint, 
there will be forces between the articulating surfaces of 
the trials. These forces may vary in concentration, po- 
sition and magnitude with, for example, the position of 
the joint. The surgeon may concurrently analyse the 
pressure distribution in areas of the trials to ensure that 
pressure is not unduly concentrated in one area, to 
thereby maximize the longevity of the implant. 
[0058] From the forces measured and pressure dis- 
tributions, the surgeon can also determine whether ad- 
ditional bone must be removed, whether soft tissue 
needs to be released, and whether the size of implant 
is optimal, for example. A series of small soft tissue re- 
leases can be performed, and the surgeon can analyse 
the effect of each to ensure that the release is not ex- 
cessive. Data from the sensor array can be recorded 
simultaneously with video images, so that the surgeon 
is not limited to "real time" evaluation, but can also re- 
view the data after manipulating the joint. 
[0059] The surgeon may wish to use the assembled 
instrumented trials of the present invention in conjunc- 
tion with standard surgical tensors, particularly those 
that measure force mechanically. Thus, the output from 
the sensor array can be calibrated to correlate with the 
mechanical measurement. The surgeon may also wish 
to use the prosthetic trials of the present invention to- 
gether with spacer blocks. 

[0060] The display at the computer may include, for 
example, a video image, a display of the magnitude of 



force, and a display of the concentration of pressure. As 
indicated above, the data can be recorded so that the 
surgeon is not limited to real time analysis. It should be 
understood that these displays are identified by way of 

5 example only; the present invention is not limited to any 
particular display or to the use of a computer with such 
inputs unless expressly called for in the claims. 
[0061] In cruciate retaining knee arthroplasty proce- 
dures, the surgeon can use the information provided to 

10 release the posterior cruciate ligament. The surgeon 
can balance the posterior cruciate ligament with the tri- 
als in place, and can assess balance using objective da- 
ta. 

[0062] After the surgeon is satisfied with the flexion 

15 and extension gaps, the size and components of the 
prosthetic implant trial and the balance of forces exerted 
by the soft tissue surrounding the joint, the surgeon can 
then select the optimal prosthetic implant components 
and continue with the surgery in the normal manner. 

20 [0063] The surgeon or surgical team can later disas- 
semble the instrumented trial by removing the protector 
28A-28G from the trial 30A-30F, such as by pulling the 
studs out of the complementary holes. When the pro- 
tector 28A-28G is removed, the flexible sensor array 

25 26A, 26D-26F is released. The individual elements of 
the system can then be re-sterilized separately by what- 
ever technique is selected and then reused by assem- 
bling an instrumented trial from the re-sterilized ele- 
ments. Although it may not be desirable to re-sterilize 

30 all of the elements, given the cost of the sensor array, it 
is desirable to re-use the sensor arrays. 
[0064] It will be appreciated that the invention can be 
applied to the training of surgeons. For example, the 
system and method of the present invention could be 

35 used in learning surgical techniques on cadavers. The 
system of the present invention may also prove useful 
in optimizing the designs of implants. 
[0065] Although the illustrated embodiments of the in- 
vention are associated with one trial for each of the 

40 joints, such as tibial trials in the embodiments of FIGS. 
1 -1 7. it should be understood that the other trial, such 
as the femoral trial, could alternatively or additionally be 
the instrumented one. 

[0066] The system of the present invention can be 
45 used in, for example, knee, hip, wrist, shoulder and an- 
kle joint arthroplasty. 



1. A system for balancing soft tissue intraoperatively 
during joint arthroplasty, the system being of the 
type having a first joint trial having an articulating 
surface, a second joint trial having an articulating 
55 surface, a flexible sensor array capable of being 
shaped to define a curved contour, the sensor array 
being capable of generating a signal in response to 
pressure, and a protector having a curved con- 
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toured articulating surface and being capable of 
transmitting pressure to the sensor array, the sys- 
tem comprising complementary mounting members 
associated with the protector and one of the trials 
for temporarily securing the sensor array between 
the protector and the trial, in which the sensor array 
is removable from protector and trial without dam- 
aging the sensor array, and in which the comple- 
mentary mounting members limit movement of the 
protector with respect to the associated trial in use 
so that the position of the articulating surface of the 
protector is fixed relative to the articulating surface 
of the associated trial during use. 

2. The system of claim 1 wherein the protector com- 
prises a first portion and a second portion joined 
along an axis, and wherein the first portion of the 
protector is bonded to the articulating surface of one 
of the trials and the second portion is pivotable 
about the axis to a position overlying at least a sub- 
stantial part of the sensor array. 

3. The system of claim 1 wherein the complementary 
mounting members comprise a stud and an aper- 
ture. 

4. The system of claim 1 wherein the complementary 
mounting members allow the trial and protector to 
be snap fit together with the sensor array between 
the protector and the trial articulating surface to 
temporarily combine the protector, sensor array and 
trial into an assembly for use. 

5. A system for balancing soft tissue intraoperatively 
during joint arthroplasty, the system being of the 
type having a first joint trial having an articulating 
surface, a second joint trial having an articulating 
surface, a flexible sensor array capable of being 
shaped to define a curved contour, the sensor array 
being capable of generating a signal in response to 
pressure, and a protector having a curved con- 
toured surface and being capable of transmitting 
pressure to the sensor array, the system comprising 
mating members associated with the protector and 
one of the trials for temporarily fixing the position of 
at least part of the protector with respect to the trial, 
in which the sensor array is temporarily in a fixed 
position between the protector and the trial articu- 
lating surface, and in which the sensor array is free 
from adhesive. 

6. The system of claim 5 wherein the mating members 
comprise a recess and a protrusion. 

7. The system of claim 5 wherein the protector com- 
prises a first portion and a second portion joined 
along an axis, and wherein the first portion of the 
protector is bonded to the articulating surface of one 



of the trials and the second portion is pivotable 
about the axis to a position overlying at least a sub- 
stantial part of the sensor array. 

5 8. The system of claim 5 wherein the mating members 
comprise a stud and an aperture. 

9. The system of claim 5 wherein the trial and protector 
are capable of being snap fit together with the sen- 

10 sor array between the protector and the trial articu- 
lating surface to temporarily combine the protector 
sensor array and trial into an assembly for use. 

10. A system for balancing soft tissue intraoperatively 
15 during joint arthroplasty, the system being of the 

type having a first joint trial having an articulating 
surface, a second joint trial having an articulating 
surface, a flexible sensor array capable of being 
shaped to define a curved contour, the sensor array 

20 being capable of generating a signal in response to 
pressure, and a protector having a curved con- 
toured surface and being capable of transmitting 
pressure to the sensor array, the system comprising 
a stud extending between the protector and one of 

25 the trials for temporarily fixing the position of at least 
part of the protector with respect to the trial. 

11. The system of claim 10 in which (a) the protector 
comprises a first portion and a second portion 

30 joined along an axis, (b) the first portion of the pro- 
tector is bonded to the articulating surface of one of 
the trials and the second portion is pivotable about 
the axis to a position overlying at least a substantial 
part of the sensor array, and (c) the stud extends 

35 from the second portion of the protector toward the 
articulating surface of the associated trial. 

12. A system for balancing soft tissue intraoperatively 
during joint arthroplasty, the system being of the 

40 type including a first joint trial having an articulating 
surface, a second joint trial having an articulating 
surface, a flexible sensor array associated with one 
of the trials and capable of being shaped to define 
a curved contour, the sensor array being capable of 

45 generating a signal in response to pressure, and a 
protector having a curved contoured surface and 
being capable of transmitting pressure to the sensor 
array, in which the sensor array is positively located 
with respect to at least one of the protector and as- 

50 sociated trial; and in which the sensor array is sep- 
arable from the associated trial and the protector 
both before and after use. 

13. The system of claim 12 wherein the protector and 
55 at least one of the jointtrials have mating positioning 

members. 

14. The system of claim 13 wherein the mating position- 
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ing members comprise a recess and a protrusion. 

1 5. The system of claim 1 3 wherein the mating position- 
ing members comprise an aperture and a stud so 
that the protector can be snap fit to the trial. 5 

1 6. The system of claim 1 2 wherein the protector has a 
first portion and a second portion joined along an 
axis, wherein the first portion of the protector is 
bonded to the articulating surface of one of the trials 10 
and the second portion is pivotable about the axis. 

1 7. The system of claim 1 2 wherein the protector is ca- 
pable of being snap fit to one of the trials with the 
sensor array between the protector and the trial ar- 15 
ticulating surface to temporarily combine the pro- 
tector sensor array and trial into an assembly for 
use. 
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